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Fig , 1. THE INITIATION OF MILK SECR ETION NEAR THE END OF 
PREGNANCY , During the flrst s ix months of pregnancy, the udders of 
flrst ca lf heifers show no external signo of growth (Left) , During the 
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last 3 months, whi le growth continues, the swelling of the udder is 
caused by the initiation of milk secretion (colostrum ) in the secreting 
ce ll s, By the time of calving, the udd er is greatly e nlarged (Right) , 
of pregnancy shows signs of enlargement as the colos-
trum fills the udder. Many dairymen have believed that 
the swelling observed at this time indicated that the ud-
der was growing. It is true that the growth of the udder 
takes place during the entire period of pregnancy, but the 
enlargement of the udder during the last 113 of preg-
nancy is caused by the initiation of colostrum secretion, 
not by more rapid growth of the udder. 
Many heifers and some cows show excessive enlarge-
ment and swelling, not only of the udder, but of the 
tissue in front of the udder. This swelling is caused by 
the presence of increased amounts of blood and lymph in 
the skin and the filling of the udder with colostrum. The 
increased secretion of the estrogenic and lactogenic hor-
mones causes this swelling rather than the type of feed 
consumed. It occurs when heifers are experimentally in-
duced to secrete milk with estrogen as well as normally 
in late pregnancy. 
Prepartum Milking 
Normally, heifers and cows are not milked before 
parturition (calving time) . Some dairymen try to prevent 
the congestion and swelling by milking the cows before 
parturition. This practice may not only relieve the swell-
ing of the udder but may be of help in preventing milk-
fever (parturient paresis) by regular removal of the colos-
trum and milk prior to calving. However, this practice 
introduces a problem for the calf. 
The calf after birrh needs to be fed the colostrum or 
first milk because it contains gamma globulins which are 
transferred intact from the mother's blood into the colos-
trum. This blood protein contains immune bodies which 
protect the calf from harmful bacteria for a period after 
birth until the calf can gradually build up its own im-
munity. 
If cows are' milked before calving, the colostrum is 
all removed and the milk becomes normal. It is neces-
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sary, therefore, either to save the colostrum from the dam 
or to obtain colostrum from another cow to feed to the 
calf immediately after calving. 
Lactation 
At the time of calving, the cow is prepared to pro-
duce milk. By the regular removal of the milk, the yield 
increases rapidly for as long as 30 to 60 days or more. 
During this period additional growth of milk secreting 
cells occurs. As these newly-grown cells develop, they 
may account for parr of the increase in milk yield as they 
begin to secrete milk. 
Maximum Milk Production 
The maximum yield of milk is of great significance 
since it is one of the best measures of the size of the ud-
der (the number of milk secreting cells present in the 
udder). Cows capable of secreting 50 to 100 Ibs of milk 
per day must have udders containing increasing numbers 
of milk secreting cells (Fig. 2) . Thus, the average maxi-
mum milk yield indicates the effectiveness of the hor-
mones which stimulate the growth of the udder during 
pregnancy and early lactation. Bulls which sire daughters 
with high average maximum milk yields are transmitting 
to their progeny the inheritance of hormone secretion 
rates necessary for optimal udder growth (1). 
In addition to the size of the udder, other factors in-
fluence maximum milk production. These factors influence 
the intensity of milk secretion in each cell. Thus, each 
cell may secrete variable amounts of milk per hour or per 
day. A number of hormones will be described which in-
fluence the secretion and the intensity of secretion in the 
cells. However, the hormones are only stimulators of 
, c. W. Turner, A comparison of Guernsey Sires, II. Based on the Average 
Mature Equivalent Fat Production of Daughters During [he Month of Maxi-
mum Production. J. Dairy Sci., 9:439, 1926. 
Fig_ 2. THE NORMAL LACTATION CURVE_ At the time of parturition, 
the cow is prepared to lactate. Cows increase in milk yield very rapid-
ly reaching maximum production within a period of 30 to 90 days, 
depending upon their condition at calving time, the frequency of milk-
ing, their feed consuming capacity and the yield of milk at the maxi-
mum. Cows then begin to decline in milk yield at a regular rate (per-
sistency) varying with the individual. The persistency depends pri-
marily upon the rates of secretion of the lactogenic hormone, the 
thyrotropic hormone (and thyroxine) the growth hormone and other 
hormones. If anyone of these hormones is secreted at less than their 
optimal rates, then the cow's persistency will be governed by the rate 
of secretion of the most deficient hormone_ 
Cows should be bred to calve at yearly intervals_ The cows should 
be dried off in time to provide a dry period of obout 40 days. It is 
important to feed the dry cow in order to improve her condition and 
restore elements depleted by the previous lactation_ 
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Fig. 3. RELATION BETWEEN MILK YIELD, FEED CONSUMPTION AND 
BODY WEIGHT. In this group of cows, note that milk production 
reached a peak during the second month, then gradually declined 
during the remainder of the lactation period. The average persistency 
of the caws was 94%. These cows were provided with all the feed 
they would consume. Protein consumption increased for S month. and 
carbohydrates (energy) consumption increased for 4 month •. In-
creasing feed consumption did nat prevent the decline in milk produc-
tion. Thus high feeding will not increase milk yield above its heredi-
tary limits (endocrine control) . However, it is true that underfeeding 
will depress milk yield. 
Body weight declined for a period of 3 month •. The high condi-
tion (fat) i. being used by the cows to make possible the high milk 
yield they attained when the feed intake was insufficient to supply 
the nutrient. required for milk secretion. At the time that feed intake 
had reached its peak and mi lk yie ld had declined sufficiently, then 
equilibrium between nutrient intake and mi lk yield was attained. Fol-
lowing this period, feed intake exceeded the needs for milk produc-
tion and the cows began to increase in body weight. It indicated that 
the condition of cows can be restored during the latter part of the lac-
tation, if full fed, in preparation for the next lactation period (Turner, 
1924 ). 
5 
01 no n· I)rorein ·nirrogt'l1 (sut h ,IS urea) :Ind in rhe produc-
rion o( m:ln )' B'l om l)lex vitamin s. I ( I he roughagc is 
I)Oll r, Ihe lOWS ClnlHll ob lain sulli l ien l nUlrienlS (rom lhe 
rll ug hage [() suppl y Ihc clingy re< Iuired un less rhe g rain 
mixlurc is of' hig h energy LO Il[enl. 
The (rc' lu en(y o r milking als() influences rh e ma xi· 
mum \' ield o f milk . A" milk accumulalcs in rh e lumen 
"l lh l' a lveo li and ho lding SP;I CCS 01 Ih e udde r il lcnlh 
tl) gl'adu :dl y inhihil Ih(' int l'nsil Y 01 milk stun io n ( Fig. 
I). Th e more Irc'lu cnl remova l o( milk permil s m.lxi 
mum illll'mir\, o( Ihe milk m:lnulauuring proless made 
pllss ihk h)' Ih(' hormol1cs. The (umpl 'te lltss of milk re 
mll v.d :It milkillg li me i,. al so n( g real im l10rf:lnlt'. [I 1):11'1 
oIll1e milk presl'nr in Ihe udder ar mi lking rime is nIl! 
removed . ir Icnd~ ro , hnk rh t sn reliun of milk during 
Ih e inlLTv:d hCI WlT Ii milking. 
Fig . 4. CROSS SECTION OF THE UDDER . When an udder filled with 
milk is sectioned, one sees many alveo li foiled with milk. The indi -
vidual cells lining each alveolus are too small to see at this magnifi-
cation. The heavy band running from top to bottom at the left of the 
picture is composed of connective tinue which surrounds group. of 
alveoli. A group of such alveoli is called a lobu le. Groups of lobules 
are bound together by connective tissue to form lobes. 
Persistency of Milk Secre tion 
After cows reach the peak of mi lk yield, there usual-
ly fo llows a gradual decl ine in milk production. T he rate 
of decline in milk yield or the p ersistency of milk secre-
tion varies greatly in indi vidual cows. Some cows are very 
persis tent. T hat is, the ra te of decline is slow, whereas 
other cows decline ve ry rapid ly or show poor persis tency . 
The rate of decl ine in milk producti on w hen feed , en· 
vironment, and milk ing practices are uniform follows a 
regular pattern trom month to month in indiv idual cows. 
Some cows decl ine at the rate of 2 to 4% of their previous 
month's production, whereas o ther cows decli ne in milk 
yield at a rate of 5 to 8% and a few decl ine as m uch as 
9 to 12% per month (Fig. 5) . Another way of indicating 
the persistency of a cow is to say that the yield of milk 
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Fig. S. PERSISTENCY OF MILK SECRETION. After dairy cows reach their 
peak milk production, they usually begin to decline. The persistency 
of milk secretion has been defined as the degree with which the rate 
of secretion is maintained as lactation advances. A few cows main-
tain a uniform level of production for many months. In these animals 
the secretion of the lactogen, thyroxine, growth hormones and pos-
sibly other hormones are maintained at optimum levels. If cows have 
a high maximum production associated with great persistency, they 
become the outstanding record holders of their breed. Most cows, 
however, decline at varying rates from month to month as indicated 
above and the feeding and management is not able to increase their 
persistency. 
If one or more hormones is administered to cows showing a lack 
of persistency, then the decline can be arrested to the extent that the 
animals are deficient in the secretion rate of the given hormone. By 
this method (replacement therapy), the extent of the inherited de-
ficiency in the secretion rate of the hormone can be estimated by the 
response observed. If no response is observed, then clearly, the de-
cline in lactation is not due to a deficiency of the hormone adminis-
tered . 
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each mon th is a constant percentage of the previous 
month 's prod uction, thus , t he cow produces 98%, 95% 
or 90% of t he previo us month 's production. Cows of 
hig h persistency produce more milk in a lac tation than 
cows of low persistency w hen their maxi mum produc-
tion is the same. 
T he two factors in high to tal milk and fat produc-
tion are large maximum yield with highly persistent pro-
duction during the lactation per iod (Fig. 6) . 
The causes of the differences in persistency of milk 
secre t ion in individ ual cows are now undersrood. It is 
the purpose of this bulletin and those which wi ll fo llow 
to explain the role of the several hormones in maintain-
ing high persistency or intensity of milk secretion . 
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Fig. 6. PERSISTENCY AND VARIABLE MAXIMUM PRODUCTION. In 
this chart is presented the decline in milk production of cows varying 
in maximum milk production from 20 Ibs/ day to 100 Ibs/ day with a 
consta nt p ersistency 0[ 95 %. In other words, these cows produce each 
month 95% of their previous month's production. It can be clearly 
observed that while their persistency is constant, the absolute rate of 
decline in monthly milk production is much greater in high maximum 
milk producing cows than in low producers. It shows g raphically the 
in; portance of optimal secretion of the hormones which influence the 
persistency of milk production. Increasing the persistency of low pro-
ducing cows results in a few pounds of increased milk yield whereas 
increasing the persistency of high maximum producing cows results 
in many pounds increase in milk production. 
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The Lactogenic Hormone 
The hormone responsible for initiating the secretion 
of colostrum during the last 3 months of pregnancy and 
t()!' maintaining secretory activity in the cells of the ud-
der during lactation is secreted by the anterior lobe of 
the pituitary gland. It is called the lactogenic hormone 
(Fig. 7). This hormone causes the individual cells of the 
udder to begin functional activity (milk secretion) as con-
trasted to multiplication or growth. After maximum lac-
tation is reached the multiplication or replacement of 
cells is slow as contrasted to the period of rapid growth 
of the udder during pregnancy and early lactation. 
Enzymes are present within each epithelial milk se-
creting cell of the mammary gland. The lactogenic hor-
mone has the unique function of stimulating increased 
enzyme activity. When the enzymes in the cells are acti-
vated, the cells have the ability of converting the various 
constituents of blood into the various constituents of 
milk. While other hormones, to be described, may in-
fluence the intensity of milk secretion, the lactogenic hor-
mone, is primarily responsible for activating the enzyme 
systems in the cells and for stimulating milk secretion. 
Thus, in the absence of the lactogenic hormone, the 
mammary gland cells will not secrete milk. 
The discovery of the lactogenic hormone dates back 
to the years 1928-29. In the early experiments, the an-
terior pituitary or crude extracts were used. As time went 
on, methods of purification were developed and at present 
relatively pure preparations are available for experimental 
work. Since the pituitary is small and methods of purifi-
cation rather difficult , this hormone is scarce and ex-
pensive. It cannot be used as a practical method of stimu-
lating milk secretion. However, it has been shown in 
many experimental animals as well as in cattle, that when 
the mammary gland has been grown, the injection of the 
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Fig. 7. NORMAL AND EXPERIMENTAL INITIATION OF MILK SECRE-
TION. At the end of the 6th month of pregnancy, the glands consist 
of large numbers of compact alveoli which are present throughout 
each quarter. With the rise in estrogen secretion during the lost three 
months of pregnancy, the secretion of the lactogenic hormone is stim-
ulated. The lactogenic hormone stimulates the alveolar cells to begin 
the secretion of colostrum (first milk). As milk secretion increases, the 
lumen of the alveoli gradually fill with secretion and couse the 
gradual enlargement of the udder. At the time of parturition, the ud-
der is extended with milk ready for the calf to nurse. 
When the udders of cows have been grown experimentally, the 
secretion of the lactogenic hormone by the pituitary can be stimulated 
by the injection of estradiol benzoate at a level of 3 mg/day for two 
weeks. Milk secretion is quickly initiated by this treatment. Lactation 
can also be stimulated by the direct injection of the lactogenic hor-
mone, but by this treatment lactation quickly declines when the hor-
mone is withdrawn. When estrogen is used to activate the secretion 
of lactogen by the pituitary, the continued secretion of lactogen is 
stimulated by the milking stimulus just as in normal lactation. 
lactogenic hormone quickly initiates the secretion of milk 
in the cells of the mammary gland comparable to that 
observed in late pregnancy and after calving (Fig. 7). The 
question arises as to the normal mechanism in late preg-
nancy which stimulates the anterior pituitary to gradually 
secrete increased amounts of the lactogenic hormone and 
after parturition to further increase its secretion to cause 
milk secretion to increase up to the period of maximum 
production. Following the period of maximum produc-
tion, what is the role of the lactogenic hormone in regu-
lating the rate of decline of milk yield or the cow's per-
sistency? During the past 15 years the answers to some of 
these ques tions have been discovered. 
Study of the Anterior Pituitary 
Examination of the anterior pituitary in thin sections 
by means of the microscope show the presence of two 
types of cells which take up dye. One group of cells takes 
up acid dye, whereas a second group of cells takes up 
basic dyes. The cells which stain with acid dyes are called 
acidophilic cells, whereas those which take up basic dyes 
are called basophilic cells. The tiny granules in these 
cells contain the hormone which the cells secrete. It has 
been shown that certain acidophilic cells secrete the lac-
togenic hormone. 
The pituitaries of animals in late pregnancy and dur-
ing lactation have been examined. It has been observed 
that there is a rise in the number of acidophilic cells in 
late pregnancy which continues for a time after parturi-
tion. The granules in these cells indicate that they are 
secreting lactogenic hormone intensely. In later lactation, 
the number and secretory activity of these cells may de-
cline (Fig. 9). 
A second type of study shows the secretory activiry 
of the cells secreting the lactogenic hormone. The amount 
of lactogenic hormone in the pituitaries of animals dur-
ing pregnancy and lactation has been determined. These 
studies show that the amount of lactogenic hormone in 
the pituitaries in early pregnancy is low. In late pregnancy 
the amount begins to increase and continues to rise for 
a time after parturition, then gradually declines. 
These two types of observations concerning the role 
of the anterior pituitary in the secretion of the lactogenic 
hormone may be directly correlated with the beginning 
of milk secretion in the udder of heifers in late pregnancy 
and the rapid rise in milk secretion after calving. The de-
cline in milk secretion after maximum production is 
reached is related in part to the decline in the secretion 
of lactogenic hormone at that time. 
Discovery that Estrogen Stimulates Secretion of 
Lactogenic Hormone 
When it was observed that the secretion of the lac-
rogenic hormone increased in late pregnancy and early 
lactation, it was decided to determine whether the ovarian 
hormones, estrogen and progesterone, which are secreted 
during pregnancy, stimulated the increased secretion of 
the lactogenic hormone. Animals were injected with es-
trogen alone, progesterone alone, and combinations of 
the two hormones. It was discovered that when estrogen 
was injected into animals, the lactogenic hormone con-
tent of their pituitaries increased (Fig. 10) . Progesterone, 
on the other hand, had little effect. 
With this discovery, the explanation of the gradual 
rise in the secretion of the lactogenic hormone in late 
pregnancy was clarified. It has been shown that there was 
a rapid rise in the estrogen secretion by the dairy cow in 
late pregnancy (Fig. 8). It appeared that estrogen stimu-
lated the secretion of the lactogenic hormone which in 
turn stimulated the secretion of milk. If this were true, 
then in animals whose mammary glands have been 
grown, instead of stimulating the secretion of milk with 
scarce lactogenic hormone, why not stimulate the pitui-
tary of the animal with estrogen and cause it to secrete 
the lactogenic hormone just as it occurs in normal preg-
nancy? 
Estrogen has been injected into virgin heifers whose 
udders had been stimulated to growth by the injection 
of estrogen and progesterone for variable periods. When 
these heifers were then injected with 3 mg estradiol ben-
zoate, daily, for a period of 2 weeks, milk secretion was 
initiated and continued to increase for periods of weeks 
even after estrogen was discontinued (1). 
I R. Williams and C. W . Turner. Study of Successive Experimental Laaacions 
in Dairy Cows. J. Dairy Sci., 45 :1248. 1962. 
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Similarly, it has been observed that virgin heifers of 
increasing age (up to 3 years) when treated with estradiol 
benzoate could be induced to secrete considerable amounts 
of milk. These latter observations have suggested that 
considerable growth of the lobule-alveolar system is in-
duced by recurring estrous cycles. 
The observation that estrogen will induce the secre-
tion of milk, even in virgin heifers, is believed to prove 
that the rise in estrogen secretion in late pregnancy stim-
ulates the increased secretion of the lactogenic hormone. 
This explains the gradual increase in colostrum secretion 
in late pregnancy and the preparation of the cow for in-
creasing milk production after calving. 
Relation Between Estrogen and Lactogen 
Secretion 
Cows vary in the amount of the estrogenic hormone 
secreted in late pregnancy. Cows which secrete low levels 
of estrogen would be less able to stimulate their pitui-
taries to optimal lactogenic hormone secretion. It was 
shown many years ago that the estrogen secreted by beef 
cattle in late pregnancy was, on the average, considerably 
lower than the average secretion of dairy cattle. The low 
secretion of estrogen by beef cattle may be one of the 
causes of low lactogenic hormone secretion and poor 
milk secretion. 
In some dairy cattle, which may secrete lower than 
normal levels of estrogen, the injection or feeding of es-
trogen for a few days before or after parturition might 
be of value in stimulating increased amounts of the lac-
togenic hormone. A further test of the effectiveness of 
estrogen in increasing the secretion of the lactogenic hor-
mone could be made by administering estrogen for a few 
days at the time of maximum milk production (Turner 
et a! 1957). Cows showing a further rise in milk yield 
would indicate that the estrogen secreted in late preg-
nancy was insufficient to produce optimal amounts of 
lactogenic hormone. 
Some cows abort about the 7th month of pregnancy. 
At this time the growth of the mammary glands is not 
complete but extensive. However, the yield of milk of 
such animals is very low. The low milk yield is caused 
in part by the fact that the estrogen secretion rate is still 
low and the secretion of the lactogenic hormone will be 
low. If cows which abort at this time are injected or fed 
estrogenic hormone for a period of about 2 weeks, the 
yield of milk will be greatly increased (Fig. 8). 
Fig. 8 . ENDOCRINE CONTROL OF MILK SECRETION. The figure shows 
the endocrine control of the growth of the udder which is stimulated 
by progesterone and estrogen during pregnancy. Later, the increasing 
secretion of estrogen by the placenta stimulates the secretion of the 
lactogenic hormone which stimulates the initiation of lactation by the 
epithelial cells of the udder (see Fig. 7). If prepartum milking is prac-
ticed, increasing amounts of milk may be obtained. Otherwise, the 
udder swells up with the contained milk and the cow is prepared to 
milk at the time of parturition (Fig. 1). 
The rapid rise in estrogen secretion in late pregnancy also over-
rides the physiological function of progesterone (which normally main-
tains the pregnant condition) and aids in the initiation of porturition. 
In experimental animals, the withdrawal of progesterone and 
the injection of estrogen, similarly, stimulates the secretion of the lac-
togenic hormone and initiotes the secretion of milk. 
Following parturition and the removal of the placenta, the se-
cretion of estrogen quickly drops and the maintenance of the secre-
tion of the lactogenic hormone is caused by the regular discharge of 
the hormone stimulated by milking. 
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Fig. 9. THE POSTPARTUM INCREASE in the acidophile cells and lacto-
gen content of the pituitaries of rats. Since the acidophiles also secrete 
growth hormone, its rate of secretion may also increase. 
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Fig. 10. ESTROGEN STIMULATES SECRETION OF LACTOGEN. It was 
shown in our laboratory that the injection of estrogen into experi-
mental animals would stimulate the secretion of increasing amounts 
of lactogen in the pituitary. In normal animals, the increasing amounts 
of estrogen secreted in late pregnancy has this same effect and thus 
initiates the gradual secretion of milk. In experimental heifers, after 
the mammary glands have been grown, the daily injectian of 3 mg 
of estradiol benzoate for 2 weeks, similarly, stimulates the pituitary 
to secrete the lactogenic hormone and cause a rapid initiation of milk 
secretion which continues to increase for many weeks. It will be ob-
served that if overdoses of estrogen are administered then the secre-
tion of lactogenic hormone is inhibited. 
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Cause of the Rise in Milk Secretion 
In the experimental heifers , estrogen was given for 
a period of 14 days, then stopped. Milk yield, however, 
continued to rise for a number of weeks. Similarly, in 
normal pregnancy, the secretion of estrogen Stops at the 
time of parturition. Thus the initial stimulus of estrogen 
upon the pituitary to stimulate the secretion of the lac-
togenic hormone stops at parturition. To maintain the 
secretion of the lactof!enic hormone during lactation 
some other mechanism must be involved. This mechan-
ism has been discovered. It has been shown that once the 
secretion of lactogenic hormone is started by estrogen 
during late pregnancy, the stimulation of regular milking 
maintains the secretion of the lactogenic hormone after 
parturi tion. (Fig. 11) . 
The Relation of the Hypothalamus to the 
Anterior Pituitary 
At each milking period, a nervous stimulation passes 
from the teats to the spinal column and to the lower pan 
of the brain just above the pituitary to an area called the 
hypothalamus. However, the nervous stimulus cannot 
pass to the anterior pituitary because there are no nerves 
from the hypothalamus to the anterior pituitary. Instead, 
there is a hormone secreted in the hypothalamus which 
Hows down blood vessels from the hypothalamus (called 
portal veins) to the anterior pituitary to prevent the re-
lease or discharge of the lactogenic hormone. This hor-
mone has been called the lactogen inhibiting factor. So 
10 
Fig. 11. STIMULUS OF MILKING RELEASES LACTOGENIC HORMONE 
FROM PITUITARY. During the interval between milkings, the secre-
tion of the lactogenic hormone goes on in the anterior lobe of the 
pituitary. The hormone is stored in the cells which secrete it. At the 
time of milking or nursing, the nerves of the teats are stimulated to 
transmit to the brain an impulse which causes the pituitary to dis-
charge the accumulated lactogenic hormone into the blood. The blood 
containing the lactogenic hormone flows to the udder and is picked 
up by the milk secreting cells. At the same time, the stimulus of milk-
ing causes the posterior pituitary to release the milk "let-down" hor-
mone which aids in the removal of milk. 
As soon as the udder is emptied, the lactogenic hormone taken 
up by the milk secreting cells is available to stimulate the secretion 
of milk during the interval between milking. 
The figure shows the level of lactogenic hormone in the pituitary 
of lactating rats when the young had been removed from the mothers 
for 10 hours. After they nursed their mothers for 30 minutes, the stimu-
lus caused the discharge down to the level shown. The hormone then 
begins to build up again as indicated and would again be at the origi-
nal level in 10 hours. 
long as this factor flows from the hypothalamus to the 
pituitary it inhibits lactogen discharge. When the secre-
tion of the hypothalamic factor is depressed, then lacto-
genic hormone is discharged and in turn milk secretion is 
stimulated. 
At this time, the lactogen inhibiting factor has been 
shown to be depressed in two ways-by the estrogenic 
hormone and by the milking stimulus. Thus, the secre-
tion of the estrogenic hormone in late pregnancy de-
presses the lactogen inhibiting factor and lactogen secre-
tion proceeds. At milking time, the neural stimulus tem-
porarily depresses the lactogen inhibiting factor and lac-
togen is released. 
During the interval between mil kings, the lactogen 
inhibiting factor prevents the discharge of lactogen and 
it then builds up ready to be discharged at the next milk-
ing period (Fig. 11). 
Oxytocic Hormone 
The stimulus of milking also causes the release of a 
hormone from the posterior lobe of the pituitary, called 
oxytocin. The presence of this hormone in the blood 
stimulates the contraction of myoepithelial cells which 
surround each alveolus. This hormone is frequently called 
the milk "let-down" factor since it aids in the rapid re-
moval of milk at milking time. Thus, the milk present 
in the udder is removed. Th.e lactogenic hormone which 
is also discharged into the blood is picked up by the milk 
secreting cells of the udder and stimulates the secretion 
of milk during the interval between milkings. 
Maintenance of Maximum Milk Secretion 
The origi nal stimulus to the anterior pituitary to 
secrete lactogenic hormone is imparted by the estrogenic 
hormone in late pregnancy. The continued stimulus to 
maintain a high level of secretion of tbe lactogenic hor-
mone is imparted by the regular disch~lrge of the lac-
togenic hormone by the stimulus of milking. If cows are 
not milked regularly and if the lactoge nic hormone is 
not stimulated to be discharged, the secretion of lacto-
genic hormone gradually declines. Within a short time 
the level of hormone in the pituitary is back to the level 
of a non·lactating animal (Fig. 12). 
The rise in the yield of milk up to the period of 
maximum production is believed to be caused by the 
continued rise in the rate of secretion of the lactogenic 
hormone and certain other hormones which will be de· 
scribed later as well as continued growth of th e udder 
during early lacration. The pituitaries of some cows have 
the capacity to secrete optimal amounts of the lactogenic 
hormone and cause the continued increase of milk secre-
tion tor many weeks. Other cows' pituitaries are deficient 
in their capacity to secrete the lactogenic hormone and 
peak lactation is reached within a few weeks. 
The Decline in Milk Secretion 
While a few cows are very persistent in lactation and 
continue milk secretion at levels close to their peak for 
many weeks and months of lactation, most cows begin 
a regular decline in milk yield even with super-feeding 
and frequent milking (Fig. 5, 6). This decline is believed 
to be caused, primarily, by the gradual decline in the 
secretion of the lactogenic and other hormones. If the 
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rare of decline is more rapid, then the rate of decline in 
milk secretion is more rapid. 
It is extremely important, regarding dairy cattle, to 
breed cows whose pituitary is capable of secreting opti· 
mal amounts of the lactogenic and other hormones and 
of having the capacity of maintaining a high level of hor· 
mone secretion during the entire lactation period. How 
can one select cows for breeding improvement which 
have the capacity fm high and sustained secretion of these 
hormones? If cows show a persistency of lactation of 98% 
or more, it demonstrates clearly that the secretion of the 
lactogenic and other related hormones is very persistent. 
If high persistency is associated with high maximum pro· 
duction, then the cow has all the desirable endocrine factors 
sought. Deficiency in persistency of secretion of the lac· 
togenic hormone will be found most commonly in cows 
with high maximum milk yield. Under such conditions, 
the injection of lactogenic hormone wi ll stimulate a 
marked rise in milk production and the extent of the 
increase will measure the extent of the deficiency in lac-
togenic hormone secretion. 
Cows wi th small udders require less hormone to 
stimula te maximum milk secretion intensity. Their per-
sistency is usually higher due to adequate amounts of 
lactogenic hormone being secreted. Thus, 2 year old 
heifers are usually more persistent than they are at ma-
turity when the udder has developed greater size- with re-
curring pregnancy . 
In addition to the endocrine factors influenci.ng the 
persistency of milk secretion , there is a cellular reduction 
as well. It was indicated earlier that after maximum milk 
yield is reached the multiplication of the epithelial milk 
secreting cells is very slow. It is possible that one or more 
hormones may cause slow cell division during lactation. 
In most cows, however, there is a slow loss of milk se-
creting cells. In other words, after the cells secrete milk 
for variable periods, the cells die and are discharged into 
Fig. 12. REGULAR MILKING OR NURSING MAINTAINS LACTOGEN 
SECRETION. While estrogen stimulates the cells of the pituitary to se-
crete increased amounts of the lactogenic hormone in late pregnancy, 
the maintenance of lactogen secretion after parturition is caused by 
the stimulus of regular milking or nursing . This is shown in the above 
figure. If rabbits are not nursed after parturition, the lactogenic hor-
mone content of the pituitaries is lower at the maximum and declines 
rapidly to the non-lactating level. The maintenance of lactogen secre-
tion is due to the neuroendocrine discharge of the accumulated lacto-
gen at each milking period transmitted to the anterior pituitary by the 
stimulus of milking. 
The lactogen flows into the blood and is picked up by the mam-
mary gland cells. With the removal of the milk present in the udder, 
the cells are stimulated to renewed milk secretion by the lactogenic 
hormone. 
the milk. Thus, after several months of lactation the total 
number of secreting cells is appreciably reduced. The 
slow loss of cells continues until the end of the lactation 
period. 
For this reason , the injection or feeding of one or 
more hormones may stimulate an increased intensity of 
milk secretion, yet, because of the loss of cells which has 
occurred, the yield of milk will not increase up to the 
level of maximum production. Thus, in late lactation, the 
apparent effectiveness of hormone therapy is reduced. 
Estrogen 
The fact that estrogen stimulates the secretion of the 
lactogenic hormone in preparation for calving, but drops 
off quickly with the removal of the placenta (after-birth) 
at the time of parturition suggested that the continued 
administration of estrogen (or diethylstilbestrol) would 
tend to maintain the secretion of the lactogenic hormone 
at a high level. It was shown that the only present stimu-
lus to the maintenance of lactogen secretion after parturi-
tion is the regular discharge of the hormone at milking 
time. 
Experiments have been conducted to determine 
whether the feeding of diethylstilbestrol (a synthetic 
estrogen) would have a beneficial effect upon the per-
sistency of milk secretion. Such a beneficial effect has 
been observed in- a number of individual cows. The feed-
ing of diethylstilbestrol to cows showing a decline in 
milk yield has been followed by a cessation of the de-
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cline and, in some instances, a slight increase in milk 
yield which was sustained for many weeks (Turner et ai. 
1957). The beneficial effect of estrogen is believed to be 
partly caused by the maintenance of the level of lactogen 
secretion. Naturally, it would show little benefit in cows 
of high persistency where an optimal amount of lacto-
genic hormone was being secreted. 
Studies have shown that the amount of hormone fed 
in no way interferes with reproduction. In pregnant ani-
mals , the fed hormone may contribute to the normal 
estrogen secretion and thus favorably influence the growth 
of the udder. In fact, it has been shown that the feeding 
of diethylstilbestrol at the same level (10 mg/ day) with 
progesterone will stimulate the growth of the udder 
(Turner 1959). 
Effect of Pregnancy Upon Milk Secretion 
To calve within a year, cows must be rebred within 
90 days after calving. Thus, after the first pregnancy, 
cows normally are lactating and pregnant at the same 
time. During the second and successive pregnancies, the 
ovarian hormones, estrogen and progesterone are again 
secreted and additional growth of the udder is stimulated 
with each pregnancy up to 7 or 8 years of age at which 
time maximum yearly milk yield is observed. The in-
crease in yearly milk yield up to to 8 years, is believed to 
be due to the additional growth of the udder, to the in-
crease in body size and weight, and to the increased size 
of the endocrine glands and their capacity to secrete 
greater amounts of the various hormones involved in 
milk secretion. 
The yield of milk secreted by pregnant and open 
cows during the first 5 months of pregnancy appears to 
be the same. After 5 months , the pregnant cows begin 
to decline more rapidly in milk yield. It has been sug-
gested that this more rapid decline in milk yield is caused 
by the fact that the growth of the fetus requires increasing 
amounts of nutrients which are diverted from the mam-
mary gland to the uterus (Fig. 13). 
Fig. 13. EFFECT OF PREGNANCY UPON MILK YIELD. During the first 
5 months of lactation, the decline in the yield of milk is similar in 
pregnant and non-pregnant cows. However, after the 5th month of 
pregnancy these cows begin to decline more rapidly in milk yield. It 
was suggested by Brody et al. (1923) that the difference in milk yield 
of about 450 Ibs was due to the increasing divergence of nutrients 
from the mammary gland to the uterus for the growth and mainten-
ance of the fetus. 
If the additional milk secreting cells grown during 
pregnancy begin to secrete milk prior to parturition, their 
contribution to milk yield is over-balanced by the lack of 
milk precursors in the blood. Their influence on milk 
yield is shown only after parturition upon the next lacta-
tion period. 
Value of the Dry Period 
It is usually recommended that cows be given a dry 
period of 30 to 60 days. If cows are of low persistency 
they may reach a level of milk yield where the value of 
the milk does not pay the cost of milking. On the other 
hand, there are many cows of higher persistency and pro-
ductivity which are still yielding large quantities of milk 
up to 30 to 60 days before calving. Should these cows be 
dried up or continued to be milked up to calving time 
without a "rest period?" 
It is commonly suggested that the purpose of the 
dry period is to increase the body stores so that any loss 
of calcium and phosphorus from the bones will be re-
placed and the cow will be in good condition at the time 
of calving. If this is the reaso n for the dry period, it is 
important for the cow to be well fed then. 
However, most cows which are fed all they will eat 
during the last months of lactation, gain considerably in 
body weight (Fig. 3) while they are lactating. Thus, if 
improvement in condition is the chief reason for the dry 
period, this can be obtained by higher levels of feeding 
during the latter part of the lactation period. 
Is there any benefit to the milk secreting cells of the 
udder in having a "rest period" before lactating again? 
In the first calf, it was shown that milk secretion (colo-
strum) begins to be secreted and the udder "bags up" 
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prior to parturition. If the cows were dried off for 30 to 
60 days , the cells of the udder would begin to secrete 
milk again 2 or 3 weeks before calving. Thus, the cells 
of the dry cow would actually be "resting" only for a 
short period during the dry period. Actually, there is no 
known physiological or endocrine reason for believing 
that milk secreting cells are benefited by a "resting" 
period. 
As the persistency of dairy cattle increase by selection 
of such animals and high yields of milk may be obtained 
throughout the lactation period, the physiological need 
of a dry period should be explored. The loss of 30 to 
60 days of productivity by all cows each year is a ser-
ious economic drain on the dairy industry. If cows can 
be milked continuously, year after year, without loss of 
productivity by better methods of feeding prior to parturi-
tion , this knowledge would be of great economic impor-
rance. 
As pointed out in the section on prepartum milking, 
such a plan would necessitate a program of supplying 
im mune bodies to the newborn calf because the milk 
after parturition would be free of colostrum. As the blood 
of cattle is rich in immune bodies , cattle blood could be 
mixed in the milk fed to the calf for several days. 
While it is not recommended that all cows be milked 
continuously (that is without a dry period) until further 
research has been conducted, if the condition of the cow 
can be increased during the latter part of pregnancy by 
liberal feeding and if the production of the cow is well 
sustained, the program might be tried out on a limited 
basis to compare with similar cows given a dry period. It 
is recognized that some cows cannot be brought into a 
high condition while lactating intensely and such cows 
ma y require a dry period. 
Summary 
The objective of this series of bulletins is to attempt 
to explain why dairy cattle vary so greatly in their capa-
city to secrete large amounts of milk. It is suggested that 
high producing cows have received an inheritance (genes) 
which enables them to secrete optimal levels of all the 
hormones influencing the growth of the udder during 
pregnancy and early lactation. The hormones which sti-
mulate udder growth have been described. 
The present bulletin tells the story of the role of the 
lactogenic hormone in stimulating the secretion of milk 
by these cells beginning in late pregnancy and continuing 
throughout the lactation period. 
It was shown that the initial secretion of the lacto-
genic hormone by the anterior pituitary gland is depend-
ent upon the secretion of estrogenic hormone, the same 
hormone, which in conjunction with progesterone, sti-
mulates udder growth during pregnancy. If the secretion 
of estrogen were deficient, it would have an adverse ef-
fect upon udder growth as well as upon the secretion of 
the lactogenic hormone. 
Following parturition, with estrogen no longer being 
secreted , the continued secretion of the lactogenic hor-
mone in optimal amounts is dependent upon regular 
milking. 
The lactogenic hormone is secreted in the anterior 
pituitary during the interval between milking , then is 
discharged quickly into the blood following the stimulus 
of milking. It then passes via the blood to the udder to 
stimulate the cells to secrete milk during the interval 
between milkings. 
The rate at which these cells secrete milk is primarily 
dependent upon the amount of lactogenic hormone dis-
charged at each milking period . If the udder is large 
(many secreting cells) each cell may not receive an opti-
mal amount of the lactogenic hormone unless the pitui-
tary secretes a large amount of hormone. Thus the rate 
of secretion of lactogen is reflected in the rate of secretion 
of milk by each cell. If the udder is small , then less lacto-
genic hormone is required to maintain optimum amounts 
of hormone in each cell and a deficiency in lactogen se-
cretion is less likely . 
With the advance of the lactation period, the con-
tinued secretion of the lactogenic hormone at a high rate 
is of great importance. In cows of high persistency of 
milk secretion , this seems to be possible , but in most 
cows there is a gradual decline in milk yield caused by 
the decline in the secretion of the lactogenic hormone. 
Thus, in cows with the capacity of high yearly milk 
yield , it is important that the pituitary not only secrete 
large amounts of lactogenic hormone at the peak of milk 
secretion, but that the hormone continue to be secreted 
at a high level throughout the lactation period. 
Selection of dairy cattle with high persistency of milk 
secretion in conjunction with the use of dairy bulls whose 
daughters have displayed a high average persistency 
should be effective in the genetic improvement of dairy 
cattle. 
In subsequent bulletins, the role of other hormones 
in stimulating intense milk secretion will be described. 
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